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Preface 

Contract  No.  N60921-93-C-0060,  Option  7,  awarded  to  Alliant  Techsystems,  Inc.  by  the 
Naval  Surface  Warfare  Center,  and  funded  by  Office  of  Naval  Research,  developed  large  (100 
Ah)  rechargeable  lithium/lithium  cobalt  oxide  cells  for  batteries  to  propel  undersea  vehicles.  As 
built,  these  cells  were  in  the  discharged  state  because  the  available  precursor  cathode  material 
was  of  the  electrochemically-discharged  chemical  composition.  Charged  precursor  cathode 
material  was  not  only  unavailable,  but  its  chemical  stability  was  unknown  and  suspect. 

Obtaining  it  required  development  of  a  preparatory  process  and  an  understanding  of  its  handling 
requirements  for  cathode  manufacture.  Recognizing  that  there  could  be  advantages  to  building 
cells  in  the  charged  state  because  the  user  could  put  them  immediately  into  service,  and  that 
applications  needing  reserve  cells  require  them,  the  Navy  was  pleased  to  include  a  development 
effort  to  prepare  charged  precursor  cathode  material  when  given  the  opportunity  via  Army 
funding.  Under  Option  Item  7  to  the  contract,  the  Army  (Project  Manager  for  Mines, 
Countermine,  and  Demolitions)  funded  development  of  charged  lithium/lithium  cobalt  oxide 
cells  to  power  Hand-Emplaced  Wide  Area  Munitions  (HWAM).  This  effort  intended  to  develop 
reserve  cells,  which  were  also  capable  of  a  limited  number  of  charge/discharge  cycles,  as  an 
alternate  to  the  bjiseline  system,  lithium/thionyl  chloride,  a  non-rechargeable  battery. 
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Chapter  1 
Introduction 


The  first  goal  of  this  program  was  to  conduct  a  cell  and  battery  design  analysis  such  that 
the  final  battery  design  would  comply  with  the  specified  weight  and  specific  geometric  volume 
identified  in  Customer  Specification  No.  29224A  Figure  1-1,  Reserve  Battery  Outline  and 
Interface.  This  specification  is  for  the  Hand-Emplaced  Wide  Area  Munitions  (HWAM).  To  meet 
the  second  goal,  the  battery's  unit  cell  would  have  its  design  detailed  for  eventual  demonstration 
build  and  test.  The  battery  design  analysis  was  required  by  contract  to  include  the  following  key 
elements: 

•  design  for  battery  rechargeability, 

•  battery  state-of-charge  indication, 

•  design  circuitry  to  control  recharge, 

•  comparison  of  the  advantages/disadvantages  of  an  intemal/extemal  reservoir, 

•  battery  production  cost  analysis, 

•  battery  environmental  issues  of  manufacture  and  disposal, 

•  safety  of  the  battery  design  and  analysis  of  probability  of  battery  explosion  on  internal  or 
external  short  circuit. 

The  battery  design  analysis,  once  completed,  was  the  basis  for  a  detailed  cell  design.  The 
cell  design  was  documented  by  a  dravwng  package.  Revision  updates  to  the  drawing  package 
resulted  from  the  contract-required  execution  of  cell  fabrication  and  testing.  The  final  drawing 
package  is  given  as  Appendix  A.  The  cell  development  process  was  one  of  verification  by 
experiment  of  key  concerns  regarding  form  factor,  reserve  capability,  rate,  and  environmental 
limits  for  an  advanced  electrochemistry,  namely,  lithium/lithium  cobalt  dioxide  (Li/LixCo02).  The 
steps  were  as  follows: 

•  The  cell  design  was  evaluated  in  single-cell,  bolt-together  test  fixtures  of  a  configuration 
that  represented  the  final  cell  internal  design,  except  the  number  of  plates  per  cell  were  not 
the  same  as  that  anticipated  for  the  final  design. 

•  In  a  parallel  effort,  the  cell  build  procedures  were  optimized,  particularly  with  regard  to 
the  synthesis  process  for  manufacturing  electrochemically-charged  lithium  cobalt  dioxide 
for  cell  cathodes. 

•  Next,  the  cell  design  was  demonstrated  in  single  cell  test  fixtures  containing  multi-plate 
electrodes  of  anticipated  full-cell  design  quantities.  Voltage  versus  discharge  rate  data 
obtained  from  these  tests  were  used  to  project  battery  performance  for  a  three-cell,  series 
design  at  full  Hand-Emplaced  Wide  Area  Munitions  (HWAM)  load  requirements. 

•  Finally,  cells  were  constructed  of  the  final  design  in  hermetically-welded  cell  cases  and 
tested  at  the  environmental  extremes  outlined  in  the  contract  specification. 
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SPECIRCATION  NO.  29224A 


Figure  1  -1 .  Reserve  Battery  Outline  and  Interface 
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Chapter  2 
Requirements 

The  battery  electrical  specifications,  physical  requirements,  and  environmental  conditions  are 
outlined  in  Table  2-1.  In  a  similar  manner.  Figure  1-1  is  a  reproduction  of  the  HWAM  Battery  outline 
drawing  from  Specification  No.  29224 A,  dated  17  August  1993.  This  drawing  provides  all  of  the  interface 
information  needed  to  mate  the  battery  to  the  HWAM.  Figure  2-1  is  also  a  reproduction  from 
Specification  No.  29224A  and  schematically  shows  the  desired  battery  activation  time  for  both  the 
hydraulic  flow  time,  Th  (time  for  the  electrolyte  in  the  battery  reservoir  to  reach  the  electrode  stack),  and 
the  electrical  rise  time,  T,  (time  for  the  battery  to  come  up  in  voltage  from  0  volts  to  a  minimum  of  8  volts). 

The  power  demands  of  the  HWAM  have  a  duration  of  a  minimum  of  180  days  at  “Standby”  mode 
prior  to  dewce  “Arming,”  followed  by  up  to  30  days  in  the  “Alert”  mode,  and  finally  ending  on  command 
in  a  terminal  phase  of  engaging  the  threat  and  launch.  Details  of  the  power  profile  are  shown  in 
Figure  2-2.  Because  some  use  scenarios  would  benefit  if  the  battery  could  be  cycled  a  few  times,  the  cycle 
life  was  determined. 

Table  2-1.  Form  and  Function  Requirements 

_ _ Reference;  Spec.  No.  29224A,  17  August  1993 _ 

Dimensions  (Fig.  1-1); 

-  Flange  Diameter:  5. 145  in  max. 

-  Case  Diameter:  4.200  in  max.  (3.95  in  flat  side  diameter) 

-Height: _ 2.870  in  max. _ _ 

Weight; _ _ 3.0  pounds  -K).  -0.3  pounds _ 

Leakage; _ The  battery  shall  be  a  hermeticaliy  sealed  device. _ 

Activation:  Activate  in  any  orientation  relative  to  the  local  horizontal. 

_ Voltage  rise  time:  0.5  seconds  max,  to  8.0V  (2.67  V/cell)  from  first  detectable  voltage. 

Voltage  and  Load: 

-  Maximum  Voltage  (240  Ma):  15.0  volts  (5.0  volts/cell) 

-  Minimum  Voltage  (240  Ma):  10.0  volts  (3.33  volts/cell) 

-  Minimum  Voltage  for  Ordnance 

Loads  (3.75  A): _ 8.0  volts  (2.67  volts/cell) _ 

Capacit>’: 

When  discharged  at  a  constant  load  of  32.5  hours  at  145‘’F,  13.0  Ah 
400  ±  10  Ma,  the  battery  shall 

maintain  a  minimum  output  voltage  of  35.0  hours  at  72“F,  14.0  Ah 
10  volts  for  the  following  number  of 

hours: _ 26.5  hours  at  -25°F,  10.6  Ah _ 

Temperature  -  Non  Operating:  The  battery'  shall  meet  the  requirements  after  exposure  to  temperatures  from  -50°F  to 

High  Temperature  -  Operating:  +160°F. 

Low  Temperature  -  Operating:  The  battery  shall  meet  the  requirements  during  exposure  to  temperatures  as  high  as 

+145°F. 

The  battery  shall  meet  the  requirements  during  exposure  to  temperatures  as  low  as  • 
25°F.  _ 
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Figure  2-1.  HWAM  Activation  Time  Requirements 
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Figure  2-2.  HWAM  Power  Profile 


NSWCCD-TR-98/005 


Chapter  3 

Alliant  Techsystems,  Inc.  Battery  Design  Development  Philosophy 

The  strategy  used  by  Alliant  Techsystems,  Inc.,  to  develop  a  safe  design  for  the  HWAM 
power  source  contained  the  following  key  criteria: 

•  Separation  of  the  three  cells  required  for  the  voltage  demand.  Each  cell  is  an  hermetically 
sealed  unit  that  remains  electrically  and  electrochemically  isolated  over  the  210  day 
minimum  active  life. 

•  Selection  of  an  electrochemistry  that  is  iimately  safer  than  the  baseline  system,  lithium 
thionyl  chloride;  specifically,  lithium/lithium  cobalt  oxide,  which  has  the  capability  of  high 
energy  density  and  benign  short  circuit  behavior. 

•  The  electrochemistry  must  also  be  capable  of  reserve  battery  function.  Lithium/lithium 
cobalt  dioxide  was  further  developed  during  this  program  to  demonstrate  reserve 
capability.  A  complete  scale-up  process  for  synthesizing  electrochemically-precharged 
lithium  cobalt  dioxide  was  achieved. 

•  Maximize  electrode  surface  area  as  a  means  of  lowering  the  discharge  rate  to  a 
conservative  value,  affording  long  battery  Standby  and  Alert  mode  life. 

•  Design  electrode  shape  to  facilitate  an  overall  battery  structure  that  would  conform  to  the 
envelope  constraints  of  the  HWAM  Reserve  Battery  Outline  and  Interface  as  defined  in 
Specification  No.  29224A  and  shown  in  Figure  1-1  in  this  report. 

•  Design  of  a  safety  vent  to  release  internal  pressure  should  an  abnormal  pressure  level 
occur.  Note:  During  safety  tests,  an  internal,  built-in  short  circuit  and  externally  applied 
short  circuits  did  not  result  in  sufficient  internal  pressure  to  open  rupture-type  diaphragm 
vents. 
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Chapter  4 

Process  Development 


Rechargeable  Li/LixCoOa  cells  are  built*’^  using  LiCo02  as  the  active  cathode  material 
(i.e.,  the  x  value  in  LixCo02  is  unity).  Cells  are  cycled  by  charging  from  the  composition  where  x 
is  unity  to  a  value  of  x  about  0.5.  Therefore,  when  x  =  1,  the  cell  is  in  the  discharged  state.  That 
state  is  employed  for  fabrication  because  it  is  commercially  avmlable,  and  it  can  be  handled  under 
ambient  conditions. 

When  a  reserve  primary  cell  is  required,  as  is  the  case  for  the  HWAM  application,  the  cell 
must  be  ready  to  discharge  immediately  upon  activation.  Therefore,  the  cell  must  be  built  in  the 
charged  state.  For  Li/LixCo02  cells,  this  means  the  cathode  must  be  of  the  composition 
LL0.5C0O2.  At  the  beginning  of  the  development  work  on  the  HWAM  battery,  it  was  not  known 
if  the  charged  material  could  be  synthesized  chemically.  Obviously,  it  could  be  synthesized 
electrochemically,  within  the  cell  as  that  occurs  during  each  charge  cycle.  Nevertheless,  it  was 
not  known  if  that  material  was  stable  outside  the  cell,  or  if  it  could  be  reprocessed  into  a  cathode 
after  electrochemical  preparation  and  still  maintain  its  state  of  charge. 

Additionally,  this  positive  electrode  material  had  to  be  producible  in  quantities  sufficient  to 
meet  production  quantities  of  HWAM  units.  Experimentation  proved  that  the  only  successful 
method  of  synthesizing  charged  LixCo02  was  electrochemical.  For  this  technique,  a  “Charging 
Cell”  is  fabricated  without  binder  in  the  cathode.  In  this  cell,  the  composition*  of  the  cathode  mix 
was  90  percent  LiCo02  and  10  percent  carbon.  After  charging,  the  “charged”  Lio.5Co02  mix  is 
removed,  rinsed,  and  dried  for  later  fabrication  into  HWAM  cathodes  of  particular  shape  and 
area.  The  fabrication  was  sufficiently  novel  to  be  patented.^  The  patent  (Appendix  B)  provides 
additional  detuls  of  the  synthesis  technique  as  well  as  amplifying  its  advantages.  One  notable 
advantage  is  the  ability  to  employ  stainless  steel  rather  than  aluminum  as  the  current  collector.  A 
cell  composed  of  these  cathodes  is  then  capable  of  storage  in  the  dry  state  for  an  indefinite  period 
of  time  (estimated  at  20  years).  A  cell  of  such  construction,  with  lithium  metal  anodes,  is  a 
reserve  cell  until  electrol)?te  is  supplied  from  a  reservoir.  The  baseline  electrolyte  for  these  cells 
was  2-molar  lithium  hexafluoroarsenate  with  0.4-molar  lithium  tetrafluoroborate  (2A/LiAsF6  + 
0.4A/LiBF4)  in  methyl  formate.  Alliant  uses  the  acronym  DSMF  for  this  electrolyte,  for  "Double 
Salt  Methyl  Formate."  An  alternate  solvent,  methyl  acetate,  was  also  evaluated  as  its  cost  is 
lower  than  the  formate.  This  solvent,  with  the  same  salts,  is  called  DSMA  in  the  report.  An 
alternate,  using  this  solvent  and  only  the  hexafluoroarsenate  salt  is  called  SSMA  to  represent 
“Single  Salt  Methyl  Acetate.” 


♦All  percentages  arc  by  weight  unless  otherwise  indicated. 


4-1 


NSWCCD-TR-98/005 


A  block  diagram  of  the  cathode  fabrication  process  is  shown  in  Figure  4-1.  During 
process  development,  both  the  size  of  the  Charging  Cell,  and  the  rate  of  charge  were  increased, 
adding  significantly  to  the  scaled-up  yields.  Figures  4-2  and  4-3  show  that  a  progression  of 
charge  rate  increase  had  no  effect  on  the  discharge  capacity  of  quality  control  cells  used  to  verify 
charged  Lio.5Co02  material  performance.  The  number  of  Charging  Cells  built  during  this  program 
and  their  respective  data  are  shown  in  Table  4-1. 


Figure  4-1.  Block  Diagram  of  Charging  Process  for  Lio.sCo02  and  Subsequent  Fabrication 

and  Testing  of  A  Cell. 
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Figure  4-2.  Discharge  Tests  of  Low  Rate  Charged  Lio.BCoOi 
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Figure  4-3.  Discharge  Test 
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Chapter  5 
Test  Results 


Following  the  scheme  of  Alliant  Techsystems’  Design/Development  Philosophy,  testing 
was  broken  down  into  a  number  of  categories.  Given  below  is  an  outline  of  the  testing  of 
precharged  Li/Lio.5Co02  cells.  Following  that  are  representative  results  of  the  cells  tested  in  the 
various  categories. 

Section  Title  TEST  ENVIRONMENT 


Preprogram  Testing 


Fixtured  Cell  Testing  at 
Environmental  States 
Hermetic  Cell  Performance 
Testing  at  Environmental  States 


Hermetic  Cell  Safety  Testing 


•  Modified  Picatinny  Cell  9275567  stored  at  room 
temperature  and  at  149®F  discharged  at  room 
temperature. 

•  Flat  plate  cell  cycled  at  HWAM  rates  at  room 
temperature  tests. 

•  Room  temperature  multi-plate  cell  tests. 

•  Cold  temperature  multi-plate  cell  tests. 

•  Room  temperature  performance  tests.  (WAMH05) 

•  Four-month  storage  at  room  temperature  followed  by  - 
25®F  discharge  performance  test.  (WAMH07) 

•  Three-month  storage  at  65°F  followed  by  145°F 
discharge  performance  test.  (WAMH20) 

•  Three  cells  in  series;  discharge  performance  at  room 
temperature. 

•  External  short  circuit  safety  test.  (WAMHOSand 
WAMH22) 

•  Internal  short  circuit  safety  test.  (WAMH09) 

•  External  short-circuit  and  discharge  reversal  safety  test. 
(WAMH18) 

•  Short  electrolyte  fill  discharge  safety  test.  (WAMH06) 


Preprogram  Testing 

Preprogram  testing,  done  as  part  of  Naval  Surface  Warfare  Center  Option  7  to  the  100  Ah 
Program,  Contract  N60921-93-C-0060,  evaluated  precharged  Lio.5Co02  cathode  material  in  an 
Army  munitions  cell  which  is  a  production  item,  Picatinny  Arsenal  Cell  9275567  (Alliant 
Techsystems’  ATK  G2666),  Figure  5-1,  modified  for  that  purpose.  The  modification  consisted 
of  replacing  the  vanadium  pentoxide  cathode  of  the  G2666  by  a  Lio.5Co02  cathode,  and,  for  some 
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cells,  using  only  the  AsFe-salt  in  lieu  of  the  DSMF  electrolyte  of  the  G2666.  The  lithium  metal 
anode  and  Veritek  Type  M  separator  were  the  same  as  for  the  G2666.  The  storage  and  test 
matrix  of  26  of  these  cells  is  shown  in  Figure  5-2.  Results  of  testing  to  this  matrix  is  shown  in 
Figure  5-3  for  a  typical  fresh  cell  and  in  Table  5-1  for  all  stored  cells  summarized  in  hours  of  run 
time  to  3.33  volts.  That  voltage  corresponds  to  the  cut  off  voltage  per  cell  for  HWAM 
applications.  For  three  cells  connected  in  series,  ten  volts  is  the  minimum  HWAM  voltage. 

Preprogram  testing  of  a  flat  plate  cell  was  done  as  an  early  attempt  to  fabricate  flat  plate 
cathodes  from  dry  precharged  Uo.5Co02/graphite  mix  material.  Characterization  of  these  cells 
included  cycle  life  testing.  The  flat  plate  cells  were  fabricated  with  microporous  polypropylene 
(Celgard  2300)  separators  (See  Section  6)  and  cycled  through  a  test  profile  that  included  an 
initial  pulse  load  of  5.0  mA/cm^  to  begin  each  discharge.  The  pulses  were  at  the  same  pulse  rate 
anticipated  for  the  HWAM  battery  (3.75  amp  equivalent).  Following  the  pulse,  each  discharge 
continued  at  a  rate  designed  to  test  the  ability  of  the  cathode.  The  rates  were  increased  for 
successive  cycles,  first  at  0.5  mA/cm^,  second  at  1.0  mA/cm^,  and  third  at  2.0  mA/cm^.  Then  the 
process  was  repeated.  All  of  this  testing  was  conducted  at  room  temperature.  Figure  5-4  is  a  plot 
of  one  of  two  cells  tested  to  this  regime.  As  expected,  the  cycle  life  was  less  than  for  cells  built* 
to  achieve  about  50  cycles  because  the  formulation  of  the  electrolyte  for  those  cells  included 
dissolved  carbon  dioxide,  a  component  known  to  improve  the  cycle  life  of  lithium  metal  anodes. 
It  may  be  seen  from  the  results  in  Table  5-1,  that  the  SSMA  performed  as  well  as  the  DSMA. 
That  result  is  desirable  as  it  reduces  cost. 


5-2 


Figure  5.1.  Picatinny  Cell  Modified  with  a  Precharged  Lio.5  C002  Cathode 
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Figure  5>2.  Storage  and  Test  Matrix  for  Option  7,  Picatinny  Cell  (Modified  with  Lio.BCo02  Cathodes) 
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Figure  5-3.  Fresh  Discharge  Performance  of  Picatinny  Reserve  Cell  in  Small  Hermetic 
Hardware  (Modified  Picatinny  Cell  99275567) 
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Cycled  After  First  Discharge  at  the  Indicated  Rates 
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Table  5-1.  Modified  Picatinny  9275567  Cells  with  Precharged  Cathodes  LiCo02 

Stored  in  Reserve  State  -  6  Months 

Discharged  with  3.3K  Ohm  Load 

Cell 

Channel 

Stored 

■■■ 

Hours  to 

No. 

No. 

Condition 

3.33  Volts 

■B 

1 

6  months  R/T 

DSMA 

122 

1 

DSMA 

122 

Average  Run  Time:  12 1 .66  hours 

■9 

1 

DSMA 

121 

24 

61 

6  months  R/T 

121 

25 

62 

120 

26 

63 

SSMA 

119 

Average  Run  Time:  120.60  hours 

27 

64 

SSMA 

121 

28 

65 

SSMA 

122 

Equivalent  to  10  Years  Reserve  Storage 

20 

■ai 

1 

6  months,  60°C 

DSMA 

■BSBI 

21 

1 

DSMA 

Average  Run  Time:  1 14.0  hours 

22 

mM 

1 

DSMA 

114 

67 

66 

6  months,  60°C 

Ulllll  Qlllllll 

68 

67 

69 

68 

SSMA 

Average  Run  Time:  1 1 5.40  hours 

70 

69 

SSMA 

117 

71 

70 

SSMA 

115 

Notes: 

SSMA:  2MLiAsF6/MA 

DSMA:  2M  LiAsFe  +  0.4M  LiBF4  /  MA 

3.33  Volt  Cutoff 

Fixtured  Cell  Testing  at  Environmental  States 

Fixtured  cell  testing  on  this  program  had  the  purpose  of  simulating  a  full  HWAM  cell  (one 
of  three  needed  to  meet  the  HWAM  power  requirements),  without  the  long  lead  preparation 
needed  to  create  a  hermetic  cell  case.  Photographs  of  a  typical  HWAM  fixtured  cell  case  and  cell 
assembly  are  shown  in  Figures  5-5  through  5-8.  Drawings  of  the  fixture  are  included  in 
Appendix  A,  HWAM  Cell  Drawing  Package. 

Fixtured  cell  testing  done  at  room  temperature  is  summarized  in  Table  5-2.  These  tests  all 
had  a  background  load  of 400  milliamperes  and  pulse  loads  of  3.75  amperes  every  5  hours.  This 
regime  was  used  to  simplify  the  complex  and  lengthy  power  profile  of  the  actual  HWAM  (Figure 
2-2).  It  was  particularly  interesting  to  note  that  aU  of  the  pulse  loads  stayed  above  2.67  volts.  In 
a  three-cell  seriesed  battery,  2.67  volts  per  cell  provides  the  8.0  volt  battery  voltage  that  all  pulses 
must  exceed.  Also,  run  time,  counted  to  3.33  volts,  exceeded  35  hours.  Please  refer  to 
Figure  5-9  as  a  typical  example.  Voltage  history  during  pulse  loads  is  detailed  in  Figure  5-10. 
Each  pulse  load  consisted  of  four,  3.5  ampere,  0.5  second  pulses,  with  a  2.0  second  open  circuit 
between  pulses.  During  this  test  phase  we  also  checked  voltage  rise  time  during  activation  from  a 
remote  reservoir.  Since  design  and  build  of  an  actual  HWAM  reservoir  is  not  a  part  of  this 
program,  only  Tr,  or  time  to  raise  voltage  against  cell  internal  resistance,  was  measured.  This 
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was  done  without  external  load  applied  and  is  shown  in  Figure  5-11.  Based  on  the  results  in  the 
Modified  Picatinny  Cell  9275567,  all  cells  were  built  with  SSMA  electrolyte. 

Fixtured  cell  cold  temperature  testing  proved  to  be  the  first  performance  challenge  of  the 
program.  Testing  at  -25°F  presented  difficulties  for  the  design  selections  made  up  until  that  time. 
In  particular,  the  400  milliampere  background  load  caused  cells  to  reach  the  3.3  volt  cutoff  well 
ahead  of  required  run  time.  Two  design  items  were  varied  during  this  study  in  an  effort  to  achieve 
the  -25°F  load  sustaining  goal.  Cell  stack  compression  and  separator  type  were  the  variables. 
Additionally,  re-examination  of  the  HWAM  power  profile  showed  a  240  milliampere  background 
load  to  be  more  realistic  to  the  standby  needs  than  400  milliampere,  which  had  been  primarily 
specified  for  the  purpose  of  faster  discharge,  to  hasten  test  time.  Thus  a  new  test  profile  was 
programmed,  and  it  is  shown  in  Figure  5-12. 

At  the  conclusion  of  the  fixtured  cell  testing  effort,  the  combination  of  elements  that  held 
the  most  promise  were  an  1 1-plate  cathode  cell  stack,  either  Whatman  DBSB30A  or  Veretek 
TYPE  M  Separator,  and  no  stack  compression.  Figure  5-13  showing  performance  of  cell 
WAMFll  (Whatman  separator)  and  Figure  5-14  for  cell  WAMF12  (Veretek  Separator)  shows 
the  ability  of  the  cell  design  to  maintain  a  240  milliampere  background  load  and  pulse  support 
above  2.67  volts  all  at  the  -25°F  temperature  extreme. 
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Figure  5-6.  HWAM  Anode  Assembly  -  Lithium  Foil  Press  and  Trim 


5-9 


NSWCCD-TR-98/005 


Figure  5-7.  HWAM  Cathode  Assembly  Installation 


Figure  5-8.  HWAM  Assembled  Cell  Stack 
5-10  ' 
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Table  5-2.  HWAM  Fixtured  Cell*  Test  Data  at  Room  Temperature 


WAMF01  WAMF02  WAMF03  WAM05 


lid'll  IMil'iilllH 


11/7/95  11/14/95 


2.800  2.882 


3.230 

2.916 

3.020 

2308 

3.162 

3.245 

3.293 

3.342 

Voitaae  before  pulse  3.822 


1  3.75A 

Initial 

3.294 

1  3.321 

End 

3.190 

- 

400mA 

3.75A 
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Figure  5-9.  Pulse  and  Capacity  Run  Down  Profile.  Cell  WAMFOG 
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Figure  5-10.  Pulse  Profile  of  (4)  3.5  Amp,  0.5  Second  Duration  at  Beginning  of  Life 
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Figure  5-11.  No  Load  Voltage  Rise  Time  (T r) 
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Figure  5-13.  Pulse  and  Capacity  Discharge  Profile,  Cell  WAMFll 
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Figure  5-14.  Erect  Pulse,  8  Seconds  After  Activation  (WAMF1 2) 
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Hennetic  Cell  Performance  Testing  at  Environmental  States 

Hermetic  cell  testing  essentially  moved  the  same  electrode  stack  designed  during  the 
fixtured  cell  work  into  a  fully-configured  metal  cell  case.  The  hermetic  cell  case  and  cover  were 
designed  to  facilitate  electrode  stack  assembly.  Sealing  the  cover  onto  the  cell  case  required  a 
laser  welder  to  follow  a  computer-defined  path  conforming  to  the  cells  “C”-shaped  geometry. 
Once  sealed,  the  cells  were  able  to  be  flooded  with  electrolyte  by  means  of  the  fill  tube  in  the 
temunal  end  of  the  cell.  Reference  to  Figure  5-15  for  a  graphic  illustration  of  the  "C"-shaped  cell. 
It  was  necessary  during  testing  to  place  the  hermetic  cells  into  a  test  fixture  that  simulated  the 
battery  housing  and  its  external  support.  The  housing  is  shown  in  Figure  5-16,  in  cutaway,  as  part 
of  the  complete  HWAM  concept  battery.  Since  development  of  the  battery  reservoir  was  not  a 
part  of  this  program,  a  remote  steel  sample  cylinder  was  used  to  hold  the  cell’s  electrolyte  prior  to 
pressure  activation. 

Performance  testing  first  concentrated  on  run  time  evaluation  and  capacity  achieved  at  a 
given  temperature.  Room  temperature  performance  was  verified  and  was  found  to  equal  that 
obtained  in  the  fixture  cell  testing.  More  than  57  hours  of  run  time  (13.865  Ah)  were  obtained 
from  cell  WAMH05.  Please  refer  to  Figure  5-17  for  pertinent  data  on  this  test.  None  of  the  3.75- 
ampere  pulses  went  below  the  minimum  limit  of  2.67  volts.  Performance  was  ended  when  the 
continued  background  current  of 240  amperes  caused  the  voltage  to  descend  to  3.3  volts.  In  a  3- 
cell  HWAM  battery  concept  3.3  volts  is  equivalent  to  the  10-volt  minimum  operating  voltage. 

A  pivotal  point  was  reached  in  performance  testing  when  cold  temperature  test  results 
proved  to  be  poorer  than  expected.  These  are  presented  in  Appendix  B.  Design  changes  made 
during  the  fixture  cell  testing  were  not  enough  and  an  additional  change  had  to  be  made.  Much  of 
the  testing  had  already  been  conducted  with  the  two  molar  single  salt,  methyl  acetate  electrolyte 
(SSMA).  The  more  expensive,  but  better  at  cold  temperatures,  double  salt  methyl  formate 
electrolyte  (DSMF)  had  to  be  substituted.  This  was  demonstrated  in  a  cell  stored  for  three 
months  at  160°F  and  in  a  cell  stored  for  three  months  at  room  temperature  (See  data  for  WAMH 
23  and  24  in  Appendix  B). 

Note  that  Alliant  Techsystems’  recommendation  is  that  the  DSMF  electrolyte  is  necessary 
for  cold  temperature  operation  and  is  thus  the  preferred  electrolyte  for  the  HWAM  battery.  In 
reviewing  the  test  data  of  this  report,  remember  that  many  earlier  tests  are  for  cells  \\nth  the 
SSMA  electrolyte.  It  is  Alliant  Techsystems’  position  that  the  methyl  formate  electrolyte  does  not 
represent  a  significant  change  when  conducting  safety  tests  and,  as  such,  the  safety  test  results 
reported  for  the  methyl  acetate  electrolyte  could  be  accepted  as  comparable  to  those  expected  for 
the  methyl  formate  electrolyte. 

High  temperature  performance  at  145°F  was  checked  on  a  cell  that  had  been  stored  for 
three  months  at  the  specification  minimum  temperature  of  -65°F.  The  test  temperature  and 
maximum  operating  temperature  is  145'’F.  Cell  number  WAMH20,  (Figure  5-18),  produced  a 
better  than  expected  60  hours  of  run  time,  14.365  Ah  capacity.  Pulse  handling  capability  was,  as 
before,  not  the  life  limiting  issue.  Cutoff  at  the  minimum  required  voltage,  3.33  volts,  was  due  to 
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background  load;  but  only  after  required  the  run  time  was  exceeded.  Similar  results  were 
obtained  for  cell  WAMH  21,  similarly  stored,  but  discharged  at  room  temperature. 

(See  Appendix  B) 

Capacity  testing  on  three  hermetic  cells  connected  in  series  used  cells  numbered 
WAMHOl,  WAMH03,  and  WAMH04.  These  three  cells  functioned  as  a  single  HWAM  battery 
and  provided  voltage  above  10  volts  for  more  than  56  hours.  The  capacity  of  the  battery  was 
13.65-ampere  hours.  Figure  5-19  shows  the  discharge.  The  reason  for  the  pulsed  voltage  delay 
for  the  first  pulse  of  3.5  amperes  is  not  known.  Electrolyte  delivery  was  via  a  single  reservoir  and 
should  have  been  completed  over  the  one  hour  of  open  circuit  duration  prior  to  loading  the 
battery  with  the  3.5-ampere  pulse. 

Cold  temperature  testing  at  -25®F  was  conducted  on  cell  number  WAMH07  after  the 
change  was  made  to  the  double  salt,  methyl  formate  electrolyte.  This  cell  delivered  the  best 
overall  capadty  of  any  cell,  14.8-ampere  hours.  Figure  5-20  shows  that  it  also  performed  well  on 
pulse  handling  except  for  the  initial  pulse  of  3.5  amperes.  Some  exposure  of  the  lithium  anode 
during  the  fabrication  phase  of  the  cell,  when  dry  room  conditions  were  less  than  ideal  due  to  a 
power  failure,  is  suspected  to  have  produced  a  passive  layer  on  its  surface.  However,  that 
assumption  has  not  been  substantiated. 
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Figure  5*1 5.  Individual  Cell  Case 
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FiaureS-16.  HWAM  Battery 
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Figure  5-17.  Pulse  and  Capacity  Discharge  Profile,  Cell  WAMH05 


3  Month  Storage  Cell  @  -65°F 


•e  5-18.  Pulse  and  Capacity  Discharge  Profile,  Cell  WAMH20 
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Figure  5-19.  Pulse  and  Capacity  Discharge  Profile,  Series  Test 


4  Month  Storage  @  R/T 
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Capacity  Discharge  profile,  Cell  WAMH07 
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Hermetic  Cell  Safety  Testing 

First  in  the  series  of  safety  tests  was  an  external  short  circuit  test  of  cell  number 
WAMH08.  This  cell  was  activated  and  allowed  to  develop  full  open  circuit  voltage  before  the 
external  short  was  applied  by  way  of  a  relay.  The  short  was  conducted  at  room  temperature 
(approximately  72®F).  The  maximum  short  circuit  current  developed  was  41 -amperes.  The  short 
circuit  was  maintained  for  30  minutes  during  which  time  the  temperature  increased  to  92°F  then 
gradually  declined.  Figures  5-21(a)  and  5-21(b)  show  the  short  circuit  record  and  the  discharge 
capacity  that  followed  while  under  a  load  of  12  ohms.  At  no  time  did  the  cell  rupture  or  vent. 

The  safety  vent  diaphragms  in  the  cell  terminal  header  remained  intact  throughout  the  entire  test. 

A  total  of  7.2  ampere-hours  were  removed  during  the  12  ohm  discharge.  The  test  was  repeated 
with  similar  results  using  cell  WAMH19  (See  Appendix  C). 

The  next  short  circuit  test  was  also  applied  externally,  but  to  a  cell  that  had  been  stored 
for  three  months  in  the  reserve-state.  This  cell,  number  WAMH22,  was  activated  with  the 
substituted  electrolyte;  the  double  salt  methyl  formate.  During  the  course  of  the  applied  short 
circuit,  a  maximum  current  of  30  amperes  and  a  maximum  temperature  of  1 16°F  were  developed. 
The  run  time  of  useful  cell  capacity,  removed  after  the  short  circuit  provided  30  hours  across  a  12 
ohm  load.  This  load  was  equivalent  to  about  0.3  amperes,  slightly  more  than  the  normal  HWAM 
background  load  of  .24  amperes.  (See  Figure  5-22(a)  and  5-22(b))  The  cell  did  not  vent.  It 
remained  hermetic  throughout  the  test  and  subsequent  discharge. 

To  further  investigate  the  effects  of  cell  short  circuit  behavior,  a  short  circuit  test  was 
arranged  in  which  the  short  was  internal  to  the  cell.  This  was  done  by  fabricating  a  cell  stack  (cell 
number  WAMH09)  without  key  separators  between  electrodes.  Specifically,  two  separators  were 
left  out  of  the  middle  of  the  stack  and  two  separators  were  left  out  of  the  top  of  the  stack.  In 
these  locations,  anode  and  cathode  plates  were  in  direct  contact.  This  fabrication  represented  the 
case  of  misassembly  or  assembler  error.  Cell  activation  occurred  at  room  temperature  and  the 
maximum  temperature  developed  during  30  minutes  of  short  circuit  was  85°F.  After  removing 
the  short  circuit,  a  12  ohm  resistive  load  was  applied  to  rundown  the  cell.  A  total  of  4.9  ampere- 
hours  were  removed  during  that  load  application.  No  venting  or  rupture  occurred  during  the 
short  circuit.  Figure  5-23  provides  a  profile  of  the  test.  Following  the  internal  short  circuit  test, 
another  external  short  circuit  test  was  conducted,  followed  by  discharge  into  reversal  with  the  12 
ohm  resistive  load.  Cell  number  WAMH18  was  the  subject  cell.  No  venting  or  case  rupture 
occurred.  The  maximum  temperature  developed  during  the  short  circuit  was  147°F  with  a 
maximum  short  circuit  current  of  22  amperes  (Figures  5-24(a-c)). 

Finally,  an  abuse  test  was  conducted  to  simulate  the  scenario  of  an  underfilled  cell  stack. 
This  would  happen  if  the  reservoir  collapsing  force  misfired  or  partially  closed  the  reservoir.  In  an 
unlikely  case  where  only  10%  of  the  electrolyte  in  the  reservoir  is  delivered  to  the  cell  stack  a 
severe  electrol54e  starved  condition  would  exist.  Cell  WAMH06  was  tested  under  these 
conditions  while  being  loaded  with  the  full  background  load  of 240  mA.  Initially,  after  2  hours  of 
open  circuit,  a  3.5-ampere  pulse  was  applied  prior  to  the  background  load.  No  venting  or  case 
rupture  occurred  and  1.38  ampere-hours  of  capacity  were  removed  (Figure  5-25). 
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Figure  5>21(b).  External  Short  Circuit  Test,  WAMH08 


3  Month  Storage  @  R/T,  (page  i  of  2) 
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External  Short  Circuit  Test,  WAMH22 
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Figure  5-22(b).  External  Short  Circuit  Test,  WAMH22 


Internal  Short  Circuit  Test  and  Capacity  Discharge  Profile,  Cell  WAMH09 
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Circuit  and  Ceii  Reversai  Test,  WAMH18 


Ceil  Voltage 
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Figure  5-24(c).  Short  Circuit  and  Ceii  Reversai  Test,  WAMH18 
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Chapter  6 
Studies 


Alliant  Techsystems  Inc.  committed  several  engineering  studies  to  further  the  information 
base  on  the  HWAM  battery.  Some  of  the  studies  were  directed  toward  maximizing  power  of  a 
reserve  battery  design  beyond  the  current  values  while  restricting  the  battery  to  the  space 
allotment  of  Specification  No.  29224 A  (Figure  1-1).  The  studies  are  listed  below  and  described 
further  in  this  chapter. 

•  Cell  Improvement  Studies 

•  Comparison  of  Lio.5Co02  with  Thionyl  Chloride  (SOC 1 2)  performance  and  safety 

•  Battery  Life-Expectancy,  reserve  and  active 

•  Battery  Disposal  and  Pollution  Prevention 

•  Battery  Projected  Unit  Price  Cost 

•  Battery  Design  Analysis 

•  Capacity  Calculations  for  an  Active  Battery  Design 

•  Capacity  Required  by  SOC  1 2  Battery  for  Depassivation  Pulses 

•  Reserve  Battery  Concept  with  External  Reservoir 


Cell  Improvement  Studies 

Building  an  hermetically  sealed,  HWAM  configured  cell  in  the  laboratory  is  time 
consuming  because  of  the  lack  of  production  tooling  and  automation.  At  the  same  time,  many 
choices  are  available  to  the  designer  for  materials  selection.  Design  choices  need  to  be  made 
rapidly  because  of  schedule  constraints.  The  selection  process  during  cell  design  is  based  on 
experience;  then,  the  most  likely  materials  are  tried  in  prototype  cells.  A  fast  approach  is  to 
experiment  with  a  smaller  cell  configuration  to  eliminate  the  cost  of  trying  every  variable  in  full- 
size  cell  hardware.  This  was  the  path  chosen  on  this  program.  Fortunately,  a  very  good  small 
cell,  a  modified  Alliant  Techsystem's  production  cell,  Picatinny  Arsenal  Cell  9275567 
(Figure  5-1),  was  an  excellent  choice  for  this  work.  It  has  hermetic  construction  and  lends  itself 
to  modification  by  using  alternate  materials.  The  cathode,  for  instance,  a  mixture  of  vanadium 
oxide  and  graphite  is  constructed  by  pressing.  Processing  of  the  HWAM  cathode,  a  mixture  of 
cobalt  oxide  and  carbon,  is  nearly  identical.  As  a  whole,  the  validity  of  choosing  the  Picatinny  cell 
as  the  test  vehicle  is  a  good  one.  Only  two  attributes  are  not  accurately  matched  with  this  test 
cell.  They  are: 

The  activation  methods  -  via  a  glass  ampul  in  situ,  for  the  modified  ATK  G2666. 

The  electrodes  are  wetted  once  the  ampul  is  broken.  In  the  case  of  the  HWAM 
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cell,  a  remote  reservoir  feeds  the  electrodes  once  a  gas  pressure  driver  ruptures  a 
metal  diaphragm.  The  pressure-driven  electrolyte  conceivably  wets  the  electrodes 
rapidly,  as  opposed  to  the  capillaiy  action  electrolyte  feed  of  a  broken  ampul. 

Electrode  compression  -  The  modified  ATK  G2666  is  constructed  bobbin  style, 
without  positive  pressure  on  the  electrode  sandwich.  The  HWAM  cell  is  a  stacked 
arrangement  of  flat  plates  that  receive  a  positive  compression  when  the  case  cover 
is  welded  in  place.  However,  compression  was  kept  to  a  minimum. 

Physical  comparison  between  the  two  cells  is  made  in  Table  6-1.  The  table  shows  that  the 
current  density  is  identical  for  the  two  cells  as  well  as  being  close  in  gravimetric  parameters  such 
as  the  cathode  specific  capacity.  The  variables  evaluated  were:  temperature,  separator  t5T)e, 
cathode  mix  ratio  and  electrolyte  type. 


Table  6-1.  Physical  Comparisons 


Attribute 

HWAM 

G2666  (Modified) 

Cathode  Area  /  Cell  (cm^) 

729.2 

5.24 

Cathode  Mix  Wt./Cell  (grams) 

150 

1.45 

132.3 

1.28 

Cathode  Volume/Cell  (cm^) 

49.9 

0.428 

Cathode  Thickness  (inches) 

.027  (per  side) 

.030 

Mill  W'H  1 

3.0 

3.39 

Cathode  Loading  (grams  mix/cm^) 

0.206 

0.277 

Cathode  Capacity  (mAh/cm^) 

24.5 

33.0 

Lithium  Area/Cell  (cm^) 

800.6 

3.94 

Lithium  Weight/Cell  (grams) 

6.5 

.054 

Lithium  Thickness  (inches) 

.006  (per  side) 

.010 

Lithium  Capacity  (mAh/cm^) 

31.4 

52.9 

Defining  Area/Cell  (cm^) 

729  (cathode) 

3.94  (anode) 

Defining  Capacity  (mAh/cm^) 

28.5  (cathode) 

33.0  (cathode) 

1 

17.9 

ro.i2i 

Current  (c.d.)  @  400  mA 
(HWAM) 

400  mA  (.55  mA/cm^) 

2.16  mA  (.55  mA/cm^) 

Current  (c.d.)  @  3.75  Amps 
(HWAM) 

3,750  mA  (5.14  mA/cm^) 

20.27  mA  (5.14  mA/cm^) 

The  first  test  series  evaluated  three  types  of  separators  which  were:  Celgard  2300, 
Veretek  141-583,  and  Whatman  BSB-3DA.  Two  different  mix  ratios  of  LixCo02  and  carbon 
graphite  were  employed.  The  ratios  compounded  were  one  of  90%-10%  and  81%-19%  of 
LixCo02/Graphite.  Graphite  is  added  for  conductivity,  but  it  displaces  LixCo02.  Two  different 
current  density  levels  were  evaluated.  They  were  0.5  mA/cm^  corresponding  to  HWAM 
background  load  rates  and  5.0  mA/cm^  which  corresponds  to  HWAM  pulse  load  rates  (3.75 
amperes).  Four  test  temperatures  were  also  a  part  of  this  test  series,  28°F,  75°F,  0°F,  and  -25°F 
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(See  Figures  6-1  through  6-9).  hfix  ratios  of  LixCo02  and  graphite  made  no  significant 
difference  in  performance.  High  percentages  of  graphite  reduce  the  cost  of  the  batteiy  since 
LixCo02  is  an  expensive  product.  Using  a  non-microporous  separator  such  as  Veretek  or 
Whatman  does  limit  the  battery  to  being  primary  and  not  capable  of  recharges.  Other 
microporous  separators  would  need  to  be  identified  for  a  rechargeable  HWAM  battery. 

The  test  results  showed  clearly  that  non-woven  separators,  i.e.,  Veretek  or  Whatman, 
were  superior  to  Celgard  for  electrical  activation  from  the  reserve  state  and  overall  discharge 
performance. 


Lio  sCoOj  COMPARISON  WITH  SOCI2 

Prior  to  developing  the  Li/LixCo02  system  to  power  the  HWAM,  the  Army  developed 
Li/LiSOCla  for  this  application.  A  specific  advantage  of  Li/Lio.sCo02  electrochemistry  over 
Li/SOCl2  is  due  to  the  higher  load  voltage,  3.85  volts  versus  3.4  volts.  The  open  circuit  voltage 
in  both  cases  is  about  0.2  volts  higher.  Lithium  anodes  passivate  with  time  when  exposed  to 
SOCI2  at  open  circuit  or  low  rate  discharge,  unless  extremely  low.  A  voltage  dip  occurs  at  the 
beginning  of  discharge  unless  the  passivation  has  been  removed.  That  can  be  done  by  appljdng  a 
high  rate  discharge  pulse.  Such  pulses  are  shown  in  Figure  2-3.  The  Li/LiCo02  system  does  not 
require  depassivation  pulses.  Furthermore,  lithium/lithium  cobalt  dioxide  is  safer  than 
lithium/thionyl  chloride  for  all  the  reasons  outlined  in  the  Safety  Study  attached  as  Appendix  D. 

The  thionyl  chloride  system  is  not  rechargeable.  While  Li/LixCo02  can  be  recharged.  This 
was  demonstrated  in  this  work  (See  Section  5-1  and  Figure  5-4).  Furthermore,  under  the  base 
contract,  of  which  this  work  was  an  option  item,  Li/LixCo02  was  developed  as  a  rechargeable 
system.^  It  is  bdng  developed  for  the  Navy  for  rechargeable  propulsion  power,  specifically  as 
prismatic  100  Ah  cells.  Those  cells  use  a  microporous  separator.  The  rapid  rise  time  required  by 
HWAM  negated  a  microporous  separator  because  it  is  slow  to  wet.  Microporous  separators 
would  be  needed  for  rechargeability .  Therefore,  further  development  work  would  be  required 
to  develop  a  separation  system  that  would  permit  rapid  rise  time  and  rechargeability. 

Lithium/thionyl  chloride,  on  the  other  hand,  has  better  rate  capability  than  does 
lithium/lithium  cobalt  oxide.  The  difference  is  at  least  an  order  of  magnitude  in  current  density, 
i.e.,  3-4  mA/cm^  for  Li/LiCoO^  and  30-40  mA/cm^  for  Li/SOCl  Energy  density  is  another 
advantage  of  Li/SOCU.  Practical  values  of  80  Wh/lb  for  Li/LiCo02  versus  200  Wh/lb  for 
Li/SOCU  in  100  to  200  ampere-hour  cell  sizes.  Nevertheless,  the  Li/LiCo02  system  is 
sufficiently  energetic  for  HWAM. 

Both  Li/LiCo02  and  Li/SOCh  have  excellent  power  capability,  and  both  have  good  low 
temperature  performance,  which  make  them  the  primary  electrochemistry  choices  for  HWAM. 
Figures  6-10  and  6-1 1,  and  Table  6-2  give  comparison  data  between  LiCo02  and  SOCI2.  The 
SOCI2  comparisons  are  for  two  very  different  embodiments  of  the  electrochemistry.  They  are 
both  reserve  cells,  but  the  HED  battery  (Alliant  Techsystem's  G2666B1),  a  version  of  the  Alliant's 
G26666  (Figure  5-1)  based  on  the  oxyhalide  cathode  instead  of  vanadium  oxide,  has  a  1  Watt- 
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hour  capacity  while  the  SPM  unit  (Alliant  Techsystem's  G3070A2)is  a  4000  Watt  battery  for 
powering  sonobuoys.  These  batteries  have  been  produced  on  production  lots.  Further 
information  on  these  power  sources  may  be  found  in  Appendix  E,  taken  from  an  Alliant 
Techsysems  marketing  brochure.^ 

Battery  Life  Expectancy 

Life  expectancy  for  Li/Lio.5Co02  batteries  is  excellent  as  shown  by  real  time  test  data  of 
hermetic  cells.  The  Picatinny  cell  9275567,  modified  with  the  HWAM  cathode  of  precharged 
lithium  cobalt  dioxide,  was  activated  and  placed  on  a  slow  rundown  load  (150K-ohms) 
equivalent  to  the  HWAM  7  months  background  rate.  The  cell  ran  for  7.13  months  (5,136 
hours).  This  was  then  compared  with  a  fresh  cell  of  the  same  type  that  was  activated  and 
discharged  at  a  fast  rate,  31  hours  (900  ohms).  The  fresh  cell  yielded  132  milliampere-hours  of 
capacity,  whereas  the  slowly  discharged  cell  yielded  134  milliampere-hours  of  capacity. 
Essentially,  no  loss  in  life  expectancy  for  slow,  long  time  use.  These  tests  were  conducted  at 
room  temperature  and  are  plotted  together  in  Figure  6-12.  No  tests  were  conducted  on  cells  that 
were  first  activated,  and  then  left  on  open  circuit  for  7  months,  followed  by  a  fast  discharge. 
However,  in  many  ways  the  test  presented  is  a  better  representation  of  HWAM  requirements. 
Life  tests  at  temperature  extremes  also  need  to  be  conducted  in  a  future  program. 

HWAM  Active  Li/LUsCoGj  Battery 

One  of  the  tasks  requested  during  the  development  of  the  HWAM  Li/Lio.sCoOa  battery 
was  an  evaluation  of  the  capacity  of  an  active  battery  using  the  same  volume  constraints  as  the 
HWAM  Reserve  Battery.  Nominal  capacity  for  the  reserve  battery  was  14  ampere-hours.  Using 
the  volume  displaced  by  the  reservoir  for  additional  electrode  space,  an  active  battery  was 
designed  with  a  cross-section  as  shown  in  Figure  6-13.  The  component  electrode  design 
summaiy  is  shown  in  Table  6-3.  The  nominal  capacity  expected  from  this  design  is  35-ampere- 
hours.  The  weight  budget  for  the  active  battery  design  is  shown  in  Table  6-4.  Total  battery 
weight  is  4.5  pounds.  If  a  weight  maximum  of  3.0  pounds  (present  specification,  see  Table  2-1) 
were  to  be  imposed  on  the  battery  design,  then  the  maximum  expected  capacity  would  be  22.4 
ampere-hours. 
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Figure  6-2.  Separator  Evaluation,  +28”F 
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Figure  6-3.  Separator  Evaluation,  0*'F 
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Figure  6-4.  Separator  Evaluation,  -25*’F 


UNIT*!  114 _  CH»:  023  TR#:  5141  GRP*:  02 

DESCR:  HWRM  12/13/1995  :  0.00216  TEMP:  0*F 


NSWCCD-TR-98/005 


s 

o 

cs 

o 

cs 

cs 

C9 

o 

s 

CS3 

C9 

C9 

in 

o 

in 

(S 

in 

cs 

in 

o 

in 

cs 

in 

xr 

cn 

cn 

cu 

cu 

G3 

00*001 

00*06 

00*08 

00  *0^ 

00*09 

00*06 

00*0t^ 

00*00 

00*02 

00*01 

00*0 

00*01- 


•• 


UJ 


SilOA  nUIiNSiOd  113D 


6-11 


Figure  6-7.  Modified  Picafinny  Cell  9275567,  Li/Li.CoOz/DSMF,  1  Layer  Veretek 
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Figure  6-8.  Modifled  Picatinny  Cell  9275567,  Li/LixCoOj/DSMF,  1  Layer  Veretek 
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Figure  6-9.  Cell  Capacity  Versus  Cutoff  Voltage 
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Figure  6-10.  Normalized  Power  Curves  for  Li/Lio  sCoOj  and  Li/SOCI; 
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Figure  6>1 1.  Power  Output  Comparison  Between  Li/Lio.sCo02  and  Li/SOCi; 
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Table  6-2.  Capacity  Comparison  Between  Li/Lio^CoOj  and  Li/SOClj 

in  Same  Size  Hermetic  Cells* 


Energy  Comparison 


Modified  Picatinny  Cell 
9275567  (LixCo02) 

DSMF  Electrolyte 
1  Veretek  Separator 
Weight;  6.33  grams 
Volume:  2.66  cc  (.163  in^) 


HED  (SOCI2) 

SOCI2  Electrolyte 
1  Glass  Separator 
Weight:  5.27  grams 
Volume:  2.66  cc  (.163  in^) 


Discharged  at  2.16  mA 
Milliamp  hours  to  cut-off 
voltage 


Temperature 

Cutoff 

Voltage 

-25°F 

0°F 

+28°F 

+75°F 

60.0 

104.1 

129.8 

148.2 

3.33  volts 

h 

0.9 

0.9 

1.3 

260.5 

71.9 

116.4 

138.7 

150.3 

3.0  volts 

77.3 

158.5 

205.2 

284.3 

91.4 

132.2 

145.4 

152.6 

2.67  volts 

114.5 

182.3 

211.68 

288.6 

HED,  mAh 


LixCo02 ,  mAh 


*  Both  cells  have  the  same  external  dimensions  and  have  similar  construction  features 
including  the  ampul  reservoir. 
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SLOW  RUN  DOWN  TIME:  HOURS 
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Figure  6-12.  Fast  Run  Down  Vereus  Slow  Run  Down  of  Picatlnny  Hermetic  Cells, 
Picatinny  #9275567  (Modified),  Room  Temperature 
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Figure  6-13.  HWAM  Active  Battery  Design 
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Table  6-3.  HWAM  Active  Battery  Electrode  Design 


OD 

ID 

Thickness 

Surface 

Volume 

# 

Vol 

Total 

Component 

Area 

/Ce 

11 

/Cell 

# 

(in) 

(in) 

(in) 

(in^> 

ISI 

Cathode: 

4.04 

0.62 

0.06 

12.52 

0.75 

12.31 

10 

123.0 

7 

30 

Anode: 

Single  Sided 

3.94 

0.52 

0.007 

11.98 

mm 

1.37 

2 

2.75 

6 

Double  Sided 

3.94 

0.52 

11.98 

2.55 

9 

22.97 

27 

4.08 

0.50 

0.005 

12.88 

0.06 

1.06 

20 

21.10 

60 

Cathode  Insulator: 

0.62 

0.50 

0.06 

0.11 

0.01 

0.10 

■El 

1.04 

30 

Battery  Capacity: 


37.45  Ah 


Table  6-4.  1 

TWAM  Active  Battery  Weight  Summarj 

f 

Component 

No./Battery 

W  eight/Battery 

Cell  Cup 

23.45 

3 

70.34 

Anodes,  Complete  Assembly: 

Single  Sided 

1.26 

6 

7.55 

Double  Sided 

1.82 

27 

49.06 

Separators 

0.43 

60 

25.64 

Cathodes,  Complete  Assembly 

36.92 

30 

1107.64 

Electrolyte 

280.22 

1 

280.22 

Leads,  Positive/Negative 

3.28 

6 

19.66 

Compression/Insulation  Ring 

16.22 

1 

16.22 

Insulator,  Top/Bottom 

9.21 

2 

18.42 

GTM  Terminal 

0.55 

1 

0.55 

Insulator,  Intra-Cell 

1.76 

2 

3.52 

Terminal  Plate 

70.67 

1 

70.67 

Battery  Case 

117.87 

1 

117.87 

Mounting  Plate 

241.42 

1 

241.42 

Battery  Vent 

1.56 

1 

1.56 

Total: 

2030.34  (g) 

4.47  (lbs) 

This  active  battery  was  designed  to  the  same  volume  as  the  current  reserve  HWAM  battery 
without  regard  to  weight.  If  the  battery  is  designed  to  conform  to  the  weight  restriction  of  3  lbs.  - 

0.3  lbs.,  the  capacity  would  be:  _ _ _ _ _ 

I  22.47  Ah  I  I 
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Li/L!o.5Co02  Capacity  Not  Lost  To  Depassivation  Requirements 

Since  Li/Lio.sCoOa  cells  do  not  passivate  with  storage,  the  need  for  depassivation  pulses  to 
clean-up  electrode  surfaces  does  not  exist.  Thionyl  chloride  systems  do  passivate  and  clean-up 
capacity  contingency  must  be  factored  into  battery  design.  For  one  of  the  study  tasks,  Alliant 
Techsystems  was  asked  to  calculate  the  capacity  saved  by  not  needing  depassivation  pulses  in  the 
Li/Lio.5Co02  HWAM  battery.  Calculations,  given  below,  show  that  a  nominal  2  ampere-hours  of 
additional  capacity  are  needed  to  compensate  for  passivation  clean-up. 

Energy  Removed  -  Depassivation  Pulses 
Estimated  Battery  Voltage  -  3.2  vpc  x  4  =  12.8  volts 
Load  Resistance  (Fig.  3  spec  29224 A)  =  2.5  ohms 
Pulse  Duration*  (Fig.  3  spec  29224A)  =  0.5  sec. 

Pulse  Interval  (Fig.  3  spec  29224A)  =  1  every  2  hours 
Days  Under  Load  (Fig.  3  spec  29224 A)  =180  days  minimum 
Pulse  Current  =  12.8  volts  =  5.12  amps 
2.5  ohms 

Amp  Hours/Pulse  =  5.12  amps  x  .5  sec  x  1  hour _ =  .00071 1  amp  hours 

3600  seconds 


Number  of  Pulses: 

1  pulse  X  24  hours  x  1 80  days  minimum  =  2160  minimum 

2  hrs.  day 

Capacity  Removed  At  Any  Assumed  Low-Rate  Efficiency: 

2160  pulses  minimum  x  .00071 1  amp  hours/pulse  =  1.53  amp  hours  minimum 

However:  As  the  rate  of  discharge  is  increased,  the  system  deliverable  capacity  is 
lowered  as  a  result  of  increasing  losses  due  to  irreversible  processes  occurring  within 
the  cell.  The  capacity  reduction  due  to  the  high  current  (5  amp)  pulses  would  be 
considerably  greater  than  the  same  capacity  removed  at  the  nominal  .625  milliamp 
standby  current.  Based  on  published  data,^  (5  amp)  capacity  would  be  25-35%  less 
than  at  the  low  standby  nominal  rate.  Therefore,  using  a  capacity  30%  less,  the 
resultant  effect  on  capacity  (compared  with  a  steady  low  rate  discharge  without  the 
depassivation  pulses)  would  be: 

1.53  amp  hrs.  minimum  x  100% _  =2.19  amp  hours 

(100%  -  30%) 


*  An  unofficial  change  proposal  from  the  HWAM  device  manufacturer  dated  4/18/95  indicates  a 
doubling  of  the  depassivation  pulse  duration  from  0.5  sec.  to  1  sec.  with  no  change  in  frequency  or 
load.  Under  this  regime  the  capacity  removed  would  also  double  to  3.0  amp  hours  (180  days 
minimum)  and  the  expected  reduction  would  be  on  the  order  of  4  -  4  1/2  amp  hours. 


6-20 


NSWCCD-TR-98/005 


Unit  Price  Cost  Estimate  For  HWAM  Reserve  Battery 

The  estimate  was  based  on  ground  rules  and  assumptions  which  are  highlighted  below: 

•  Bidding  rates  are  Alliant  Techsystems’  Fiscal  Year  1997. 

•  The  HWAM  Battery  Design  has  considered  ease  of  manufacturability.  As  of  this  wnting, 
it  has  not  been  optimized  or  tooled. 

•  Based  on  input  at  the  Milestone  Meeting  2/22/96,  the  need  for  “smart  control”  electronics 
for  the  HWAM  battery  is  not  a  priority  at  this  time  and  therefore  is  not  included  in  the 
design  or  costed. 

•  Material  costs  were  based  on  actual  purchase  orders  placed  in  1995  and  have  not  been 
upgraded  to  present  day. 

•  Labor  estimates  use  an  85%  learning  curve  for  projected  builds  prior  to  reaching  the 
lowest  estimated  UPC.  The  start  of  the  learning  curve  assumes  having  completed  at  least 
200  pre-production  units. 

•  Non-recurring  tooling  is  separately  funded  and  not  included  in  the  UPC. 

•  The  battery  lot  builds  are  consecutive  and  are  scheduled  closely,  such  that  workstations 
and  tool  setups  dedicated  to  HWAM  battery  production  do  not  need  to  be  tom  down. 

The  build  of  5,000  batteries  follows  the  3,000  battery  build  which  follows  the  1,000 
HWAM  Reserve  Battery  build. 

The  Unit  Price  Cost  goals  are  shown  below  for  the  quantities  listed: 
first  1,000  units  $3,000  each 

following  3,000  units  $2,000  each 

following  5,000  units  $1,500  each 

Design  changes  necessary  to  accomplish  the  UPC  goals  are: 

•  A  common  Tefeel^  molded  reservoir  of  the  type  shown  in  Figure  6-14  but  not  limited  to 
the  oversized  reservoir  shown. 

•  A  rerised  activation  system  of  the  type  shown  in  Figure  6-14  but  not  linuted  to  that 
configuration. 

•  Work  with  vendors  to  improve  parts  designs  for  producibility,  which  may  require  some 
vendor  non-recurring  cost  to  reduce  part  unit  costs. 

•  A  cathode  fabrication  method  that  is  more  cost  effective  than  pressed  cathodes. 
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Lanyard  Activation 
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Figure  6-14.  HWAM  Reserve  Battery,  30  Ampere-Hour  Capacity 
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Appendix  A 

HWAM  Drawing  Package 
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H-WAM  Battery 
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H-WAM  DRAWING  LIST 


Drawing  Package  Requirements; 


Drawing 

Drawing  Number 

Used  On/Next  Assy 

Battery  Assembly 

72007340  X 

. 

Battery  Housing  AssembI/ 

72007341 

72007340 

Battery  Housing  Blank 

72007342 

72007341 

Pressurizer 

72007346 

72007340 

Bulkhead  Assembly 

72007347 

72007340 

Reservoir  Housing 

72007348 

72007347 

Insulator.  Intra-Cell 

72007349 

72007340 

Ceil  Case  Assembly 

72007350 

72007340 

Cell  Case/Headers  Assembly 

72007361 

72007350 

Cell  Case 

72007352 

72007351 

Cell  Case  Cover 

72007353 

72007350 

Cathode  Seoarator  Assembly 

72007354 

72007350 

Anode  Seoarator  Assembly,  Single-Sided 

72007355 

72007350 

Anode  Seoarator  Assembly,  Double-Sided 

72007356 

72007350 

Anode  Assembly,  Single-Sided 

72007357 

72007355 

Anode  Assembly,  Double-Sided 

72007358 

72007356 

Cathode  Assembly 

72007359 

72007354 

Anode.  Lithium  Foil 

72007360 

72007357.58 

Cathode  Current  Collector 

72007361 

72007359 
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Battery  Housing  Vent 
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Tubing,  Activation 
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Bulkhead 
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Cathode  Lead  Assembly 
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Anode  Lead  Assembly 
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■  NEXTASSY 

USED  ON 

;  72007340 

G6399 

PART  NO. 


72007367 


_ _ SUGGESTED  SOURCEf  S>  OF  SUPPLY 

_ VENDOR  VENDO 

_ ADDRESS _ CAGE  CODE  PARTNUI 

LEE  SPRING  COMPANY  TBD  TBD 

1462  e2nd  STREET 
BROOKLYN,  NY  11219 
PSCM  NO.  B4630 


REVSTATUS  REV 


COKTRACr  NUMBER 


CQIU»>UTER 

GENERATED 


SYSTEM 

PPTWfNOOWS 


SOmWRE 

REVISION 


SPECIFICATION  CONTROL  DRAWING 


PART  NO.  72007367-101 

I  ALUANT  TECHS YSTEMS  INC.,  POWER  SOURCES  CENTER 
_ 104  Rock  Road,  Horsham,  Pennsylvania  19044 


SPRING,  COMPRESSION 


SIZE  CAGE  CODE  DWG  NO. 

A  99825  72007367 


PROJ 


END  ITEM 


UNITWT 
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1.0  REQUIREMENTS: 

1 .1  MATERIAL  STEEL  WIRE.  MUSIC  SPRING 

1.2  SPECIFICATIONS: 

1.2.1  MUSIC  WIRE  DIAMETER 

1.2.2  OUTSIDE  DIAMETER 

1.2.3  APPROX.  LOAD  AT  SOLID  HEIGHT 

1.2.4  FREE  LENGTH 

1.2.5  SPRING  RATE  LB/IN 

1.2.6  SOLID  HEIGHT 

1.2.7  ZINC  PLATE.  ASTM  B633 

1.2.8  TYPE  OF  ENOS 

1.2.9  DIRECTION  OF  WIND 


QUALITY.  ASTM  A228. 

requirements 
.021  ♦/.  .001 
.146  +/-  .003 
4.0  LBS 
.374  NOM. 

20,0+/- .2 
.185  NOM. 

.0002  THK. 

SQUARE  NOT  GROUND 
OPTIONAL 


.0  QUALITY  ASSURANCE  PROVISIONS: 

2.1  RESPONSIBILITY  FOR  INSPECTION:  UNLESS  OTHERWISE  SPECIFIED  IN  THE 
CONTRACT  OR  PURCHASE  ORDER,  THE  CONTRACTOR  IS  RESPONSIBLE  FOR  THE 
PERFORMANCE  OF  THE  INSPECTION  REQUIREMENTS.  THE  CONTRACTOR  MAY  USE 
HIS  OWN  OR  ANY  OTHER  FACILITIES  APPROVED  BY  THE  GOVERNMENT  FOR  THE 
PERFORMANCE  OF  INSPECTION  REQUIREMENTS  SPECIFIED  HEREIN.  THE 
GOVERNMENT  RESERVES  THE  RIGHT  TO  PERFORM  ANY  OF  THE  INSPECTIONS  SET 
FORTH  IN  THE  DRAWING  WHERE  SUCH  INSPECTIONS  ARE  DEEMED  NECESSARY  TO 
ASSURE  THAT  SUPPLIES  CONFORM  TO  PRESCRIBED  REQUIREMENTS. 

2.2  INSPECTION  CONDITIONS:  UNLESS  OTHERWISE  SPECIFIED.  THE  INSPECTION 
SHALL  BE  CONDUCTED  AT  ROOM  AMBIENT  TEMPERATURE. 

2.3  QUALITY  CONFORMANCE:  UNLESS  OTHERWISE  SPECIFIED  AND  WHEN 
APPLICABLE.  THE  QUALITY  CONFORMANCE  TEST  USED  IN  DETERMINING  THE 
ACCEPTABILITY  OF  PRODUCTS  SHALL  BE  IN  ACCORDANCE  WITH  THE 
CONTRACTOR’S  INSPECTION  PLAN.  INSPECTION  OF  EACH  LOT  OF  MATERIAL 
SUBMITTED  FOR  ACCEPTANCE  SHALL  BE  PERFORMED  BY  THE  CONTRACTOR. 
CERTIFIED  TEST  DATA  WITH  ACCOMPANYING  TEST  RESULTS  ARE  ACCEPTABLE. 


SIZE  CAGE  CODE  DWG.  NO 

A  99825 


-  ISCALE:  NONE  I  UNIT  WT 
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3.0  MARKING: 

3.1  RUBBER  STAMP  OF  STENCIL  •99825-72007373'  IN  ACCORDANCE  WITH  MIL-STD-i30. 
IN  .125*  HIGH  CHARACTERS  ON  ITEM  CONTAINER,  USING  BLACK  STENCIL  INK, 
TT-M795.TYPEIt. 

4,0  IDENTIFICATION  OF  THE  SUGGESTED  SOURCE(S)  OF  SUPPLY  HEREON  IS  NOT  TO  BE 
CONSTRUED  AS  A  GUARANTEE  OF  PRESENT  OR  CONTINUED  AVAILABILITY  AS  A 
SOURCE  OF  SUPPLY  FOR  THE  ITEM(S). 


SIZE 

A 

CAGE CODE 

99825 

ISCALE:  NONE 
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SYNTHESIS  OF  CHARGED  LIxCOOj  fO<x<l) 
FOR  PRIMARY  AND  SECONDARY 
BATTERIES 

BACKGROUND  OF  THE  INVENTION 

The  Government  has  certain  rights  in  this  application 
pursuant  to  Contract  N60921-93-C-0060  with  the  Depart¬ 
ment  of  the  Navy 

1.  Field  of  the  Invention 

The  present  invention  is  directed  generally  to  the  field  of 
high  energy,  non- aqueous  electrochemical  cells  and.  more 
particularly,  to  improvements  in  such  cells  employing  Li^- 
CoO^  cathode  material  which  enable  the  cathode  material  to 
be  synthesized  in  a  pre-charged  state  prior  to  incorporation 
in  the  cell. 

2.  Related  Art 

Non-aqueous.  active  metal  cells  have  become  well  known 
for  achieving  verv'  high  energy  densities  or  energy  to  weight 
ratios,  i.e.,  higher  than  was  previously  known  with  other 
types  of  electrochemical  cells.  Active  metal  cells  typically 
consist  of  a  light,  strongly  reducing  anode,  normally  of  an 
alkali  metai  such  as  lithium  (an  aprodc.  non-aqueous  solvent 
into  which  an  appropriate  quantity  of  the  salt  of  the  anode 
metal  has  been  dissolved  to  form  a  conductive  solution,  and 
an  oxidizing  agent  as  the  cathode  material.  Such  cells  can  be 
in  the  form  of  primary  or  secondary  (rechargeable)  cells. 

It  is  further  known  to  employ  the  material  Li^CoO^ 
(0<x<l)  as  the  active  cathode  material  of  such  cells.  For 
example,  its  use  is  disclosed  in  U.S.  Pat.  No.  4,497.726  and 
further  discussed  in  Mizushiraa.  K.  et  al.  “Li^CoO^  (0<x<l): 
A  New  Cathode  Material  for  Batteries  of  High  Energy 
Density.”  Mat.  Res.  Bull..  Vol.  15,  783  ( 1980).  A  lithium 
non-aqueous  secondary  electrochemical  cell  having  an  ester- 
based  organic  electrolyte  solution  and  a  cathode  active 
material  comprising  Li^CoO^  (0<X<L)  is  illustrated  and 
described  in  U.S.  Pal.  No.  4,8W.596  to  Waiter  B.  Ebner  and 
Hsiu-Ping  W.  Lin  (an  inventor  in  the  present  application) 
which  is  also  assigned  to  the  same  assignee  as  the  present 
application.  That  reference  describes  the  use  of  Li^^CoO^  as 
the  active  cathode  material  in  a  cell  in  combination  with  an 
ester- based  electrolyte  solution  that  can  withstand  the  high 
operating  and  charging  potentials  characteristic  of  that  sys¬ 
tem.  The  Li^CoO.  cathode  material  in  that  systeitL  however, 
must  be  incorporated  in  the  discharged  state  and  thereafter 
charged.  Furthermore,  because  of  corrosion  problems  in 
stainless  steel,  an  aluminum  grid  is  required  to  withstand  the 
initial  charging  voltage. 

Lithium-cobalt  oxide  (LiCoO^)  and  lithium-cobalt-nickel 
oxides  (LiCo^^p^’i^.O^)  (O^y^I)  are  described  for  use  as 
electrodes  for  rechargeable  lithium  ccUs  by  R.  J.  Gunimow 
and  M.  M.  Thackeray  in  “Characterization  of  LT-Li^Co^^ 
Electrodes  for  Rechargeable  Lithium  Cells”,  J.  Elec- 
trochem.  Soc..  Vol.  140,  No.  12.  December  (1993).  They 
describe  the  use  of  acid  leaching  to  improve  the  recycling 
properties  of  certain  materials.  Data  supplied  in  the  refer¬ 
ence  for  the  charge/discharge  profiles  of  acid  leached  LT 
(Low  Temperature)  LiCo02,  however,  shows  achievement 
of  only  about  63  mAh/g  for  die  first  discharge  and  this 
degrades  quickly  to  <20  mAh/g  in  only  four  cycles.  Certain 
Ni  doped  Li/LT-LiCoNi02  ceils  assembled  in  a  charged  state 
were  found  to  be  significantly  more  cycle  tolerant.  However, 
success  was  limited  to  Ni  doped  materials. 

Thus.  Li^CoO^  heretofore  has  been  available  for  incor¬ 
poration  as  a  successful  cathode  material  only  in  a  fully 
discharged  state  because  Li^CoO-  as  it  is  known  to  exist  in 
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the  charged  state  is  not  stable  with  respect  to  elevated 
temperatures  normally  required  in  the  manufacturing  envi¬ 
ronment.  The  batteries  have,  therefore,  been  assembled  in 
the  discharged  state  and  charged  prior  to  first  use.  The 
5  charging  process  has  certain  drawbacks.  It  results  in  the 
plating  of  an  amount  of  lithium  from  the  cathode  onto  the 
anode,  and  batteries  have  had  to  be  designed  to  accommo¬ 
date  the  extra  lithium  plated  out  of  the  cathodes  during  the 
initial  charging  after  assembly:  otherwise,  internal  shorting 
10  of  the  battery  could  be  a  problem.  Also,  the  high  voltage 
required  to  the  initial  charging  of  the  batter^^  has  required  the 
cathode  collector  to  be  made  from  aluminum  rather  than  the 
preferred  material,  stainless  steel.  Other  approaches  have 
been  tried  to  improve  the  cycle  efficiency  of  Li^CoO^* 
15  Electrochemical  tiiradon  has  been  used  on  pre-fabricated 
cathodes  to  obtain  charged  Lij^CoO^  material.  However,  this 
process  has  been  used  with  limited  success  as  it  produces 
only  iimited  quantities  of  charged  material  and  the  final 
products  have  to  be  determined  by  the  pre-fabricated  shapes 
20  and  compositions. 

Accordingly,  it  is  a  primary  object  of  the  present  invention 
to  provide  a  synthesis  for  charged  Li^CoO.  (0<X<  1 )  suitable 
for  use  as  the  cathode  active  material  in  primary'  and 
secondary  battery  applications. 

It  is  a  further  object  of  the  present  invention  to  provide  a 
synthesis  for  charged  Li^^CoO^  (()<X<1)  for  primary  and 
secondary  ceil  applications  in  which  the  charged  material  is 
in  a  stable  powdered  form  which  can  than  be  shaped  and 
incorporated  in  any  composiden  of  cathode  desired. 

Other  objects  and  advantages  with  respect  to  the  present 
invention  will  occur  to  those  skilled  in  the  art  through 
familiarity  with  the  specification  and  claims  herein. 

SUMMARY  OF  THE  INVENTION 
35 

The  present  invention  provides  a  new  cathode  process  in 
which  charged  Li^CoO^  cathodes  can  be  manufactured  in  an 
efficient  and  cost-effective  manner.  The  product  is  superior 
to  acid- treated  embodiments,  delivering  twice  the  capacity 
40  of  those  materials  with  improved  cycling  efficiency.  The 
positive  current  collector  for  the  cathode  is  not  limited  to 
aiumiauiTL  It  may  be  stainless  steel.  The  present  invention 
provides  a  process  to  manufacture  charged  Li^Co02.  pref¬ 
erably  where  O^x^O.S.ina  powdered  form  for  use  as  a  raw 
45  material  in  the  subsequent  manufacture  of  cathodes.  The 
powdered  form  can  be  combined  in  any  desired  cathode 
composition  and  worked  into  any  configuration  or  shape. 

In  the  preferred  process,  pure  LiCo02  commercially 
obtainable  from  FM<i  Corporation,  for  example,  is  used  as 
50  the  starting  material.  A  small  amount  of  solvent,  for 
example,  methyl  formate  (MF)  is  added  to  the  LiCo02 
powder  to  wet  the  powder  and  to  form  a  wet  slurry'  or  paste. 
The  material  is  then  formed  as  a  layer  on  a  pre-cut  metai 
grid,  preferably  of  aluminum,  and  suitably  provided  with  an 
55  electrical  lead,  and  the  surface  thereafter  smoothed.  The 
pasted  material  is  then  sealed  inside  microporous  separators 
which  may  be  a  polyethylene  envelope  which  is  itself 
thereafter  sandwiched  between  two  sections  of  lithium 
anode  of  approximately  the  same  dimensions  also  provided 
60  with  electrical  conneaions.  The  three-plate  stack  which 
itself  forms  a  large  lithium  cell  is  then  confined  in  an 
alluminated  trilaminated  envelope  with  anode  and  cathode 
leads  protruding  out  from  the  envelope.  .N’e.xl.  electrolyte  is 
injected  into  the  bag  and  the  large  ceil  charged.  After 
65  charging  the  desired  amount,  the  cell  is  opened  in  a  dry  room 
and  the  cathode  envelope  opened  and  the  material  rinsed 
with  solvent  and  vacuum  dried. 
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The  charged  Li^CoO^  powder  is  aow  ready  to  be  removed 
from,  the  original  aluminum  charging  grid  and  utilized  in  a 
cathode  mixture  in  any  manner  desired.  The  value  of  x  can 
be  controlled  by  the  amount  of  coulombic  titradon.  and  is 
preferably  less  than  about  0.5. 

The  charged  material  is  still  in  powdered  form  and  can  be 
used  as  raw  cathode  material  for  any  batteries.  The  material 
is  normally  mixed  with  a  conductive  diluent  such  as  carbon 
or  graphite  in  a  binder  such  as  polytctrafluorocthylene 
(PTFE)  and  the  cells  can  be  used  for  primary  or  secondary 
applications  without  initial  charging. 

BRIEF  DESCRIPTION  OF  THE  DRA^VTNGS 

In  the  drawings: 

FIG.  1  represents  the  discharge  pcrfOTmancc  of  cells  using 
the  pre-charged  Uq  3C0O2  cathodes  in  accordance  with  the 
invendon  at  two  discharge  rates.  1  and  5  mA/cm*: 

FIG.  2  is  a  graphical  rcprcscniarion  of  cycle  performance 
of  pre-charged  Lio.3Co02  cells  over  ten  cycles; 

FIG.  3  is  a  discharge  plot  of  pre-charged  Li^  jCoOj  cells 
a  1  mA/cra*  rate  comparing  aluminum  and  stainless  steel 
current  collectors: 

FIG.  4  shows  cycle  performance  of  pre-charged 
Lio  3C0O2  cathode  ceils  over  ten  cycles  comparing  alumi¬ 
num  and  stainless  steel  current  collectors:  and 

FIG.  5  is  a  perspective  schematic  view  with  parts  broken 
away  of  a  charging  system  for  producing  pre-charged  Li,- 
C0O2  in  accordance  with  the  invendon. 

DETAILED  DESCRIPTION 

The  present  invention  enables  the  advantages  associated 
with  the  unusually  high  energy’  density  of  Lij^CoO^  cathode 
material  to  be  incorporated  in  a  pre-charged  state  by  sub¬ 
jecting  it  to  a  pre-charging  process  pjrior  to  incorporadon  in 
the  cathode  nouxture.  The  process  niakes  use  of  Li^Co02  in 
the  uncharged  state  and  transforms  it  into  a  pre-charged 
U^CoO-  (0<x<l)  powdered  raw  cathode  material  for  incor- 
poradon  in  a  cath^e  mix  suitable  for  any  battery,  primary, 
secondary,  etc.  in  which  such  cathode  material  is  desired.  As 
a  powder,  the  material  can  be  worked  into  any  shape  or 
mixture  combination  required. 

A  system  for  pre-charging  the  LiCo02  powder  for  use  as 
the  cathode  active  material  according  to  the  invendon  is 
depicted  in  FIG.  5.  The  charging  system  generally  takes  the 
form  of  a  rather  large  lithium  cell  shown  generally  at  10  and 
includes  a  metallic  retaining  shell  having  a  retaining  rim  as 
shown  at  12  which  may  be  stainless  steel  and  which  further 
supports  a  metallized  plastic  bag  14.  preferably  a  trilami- 
nated  envelope  having  an  aluminized  inner  surface  (not 
shown).  Protruding  anode  and  cathode  leads  shown  respcc- 
dvcly  at  16  and  18  are  designed  for  external  connection  to 
a  source  of  charging  voltage.  The  LiCoOj  20  is  pressed  onto 
both  sides  of  the  metallic  grid,  preferably  aiuminuiiL  22. 
Grid  22  which  with  a  pair  of  semipermeablc  microporous 
polymer  separators  24  is  sandwiched  between  a  pair  of 
lithium  anodes  26  with  metallic,  preferably  nickel,  current 
collectors  28.  This  forms  what  is  known  as  a  three-plate 
stack  cell  with  the  cathode  material  sandwiched  between  a 
pair  of  large  area  anodes.  This  may  be  covered  by  a  layer  of 
material  such  as  Tefzel  30  within  the  trilaminatcd  metallized 
envelope  14. 

In  the  preferred  embodiment  of  the  process,  finely  divided 
LiCo02  powder,  approximately  -325  mesh,  obtained  in  a 
substantially  pure  form  from  FMC  Corporation,  is  combined 
with  a  small  amount  of  solvent,  such  as  methyl  formate 


4 

(MF).  to  form  a  heavy  slurry  or  paste.  The  paste  is  then 
spre^  onto  both  sides  of  the  pre-cut  metallic  grid  22  which 
is  of  a  metal  which  can  withstand  the  required  charging 
voltage  without  corroding,  such  as  aiuminum.  The  thickness 
5  of  the  paste  is  typically  0.25”  and  that  of  the  grid  is  0.01”. 
The  surface  of  the  paste  may  be  made  generally  smooth 
using  a  stainless  steel  plate,  or  the  like.  The  pasted  material 
is  then  sealed  inside  separators  24  which  may  each  be  a  layer 
of  microporous  polymer  material,  normally  a  polyethylene 
envelope,  represented  by  separators  which  itself  is  thereafter 
sandwiched  between  the  pair  of  lithium  anodes  26  with 
nickel  grids  28.  This  sandwich  or  three-plate  stack  is  there¬ 
after  confined  inside  the  metallized  (aluminized)  trilami- 
nated  envelope  (which  may  be  polyethylene  tercphihalatc). 
An  electrolyte  material  is  then  injected  into  the  bag  to 
activate  the  celL  The  electrolyte  is  preferably  a  2  molar 
double  salt  methyl  formate  (liAsF^+LiBF^)  system  but  any 
suitable  material  including  methyl  acetate  may  be  employed. 
The  cell  is  typically  charged  at  a  potential  of  4.3  volts,  i^cr 
charging,  one  trilaminatcd  envelope  was  opened  in  a  dry* 
room  and  the  internal  cathode  envelope  cut  open  and  the 
material  rinsed  with  solvent  and  vacuum  dried.  The  result 
was  a  charged  Li;rCo02  powder  in  rcady-to-use  form  in 
which  the  value  of  x  can  be  controlled  by  the  amount  of 
coulombic  titration  and  is  preferably  less  than  0.5. 

The  typical  grid  size  used  expcriraentally  has  been  about 
9  cm  by  19  cm  which  can  process  about  100  grams  of 
LiCo02.  This  is  enough  material  for  about  25  size  *‘AA'* 
rechargeable  Li^  3C0O2  cells.  The  system  works  well  for 
3Q  fairly  high  production  rates.  The  normal  charging  voltage  is 
about  4.3V  and  about  5  mA  of  current.  The  metallized 
tiilaniLnate  envelope  may  be  any  compatible  gas-tight  sys¬ 
tem  which  is  easy  to  apply  and  remove  in  the  process. 

As  can  be  seen  from  the  above,  the  construction  of  the  cell 
35  charging  system  is  simple  and  inexpensive  and  the  charged 
material  requires  no  special  handling.  Desired  quantities  of 
conductive  diluent,  such  as  carbon  or  graphite,  and  binder, 
such  as  polytecrafluorocthylcnc  (PTFE).  can  be  added  and 
the  material  ^processed  into  the  finished  cathode.  Such 
40  cathodes,  of  course,  can  be  used  for  primary'  or  secondary 
applications  without  the  initial  charging  LiCo02  requires. 

The  discharge  pwrfonnance  of  prc-chargcd  L43  3Co02 
cathodes  is  depicted  in  FIG.  I  to  the  discharge  rates  of  1  and 
5  mAJewr.  In  addition,  the  delivered  capacity,  which  was 
45  1 13  mAh/g  based  on  total  cathode  weight,  is  quite  compa¬ 
rable  to  the  typical  delivered  capacity  of  approximately  120 
mAh/g  LiCo02  after  charging  a  cell  manufactured  in  the 
discharge  state.  FIG.  2  confirms  that  the  material  is  cyclable 
and  so  suitable  for  use  in  secondary  cells. 

50  The  materials  as  processed  in  accordance  with  the  present 
invention  represent  a  drastic  improvement  over  the  acid 
leached  materials  previously  known  and  arc  comparable  to 
materials  utilized  in  the  cells  previously  assembled  in  the 
uncharged  state.  In  addition,  the  positive  current  collector 
55  material  to  the  cathode  need  not  be  limited  to  aluminum  in 
the  case  of  the  prc-chargcd  material  and  can  be  made  from 
stainless  steel  or  other  materials.  It  had  previously  been 
found  that  stainless  steel  corroded  because  of  the  high 
required  charging  voltages  in  cells  built  with  the  discharged 
60  LiCo02  cathodes.  FIGS.  3  and  4  compare  cells  utilizing 
aluminum  and  stainless  steel  p)ositive  current  collectors. 
FIG.  3  depicts  discharge  performance  of  pre-charged 
Li^  3C0O2  at  1  mA/cm*  during  four  discharge  c>'clcs.  The 
Figure  shows  that  results  arc  comparable  using  cither  mate- 
65  rial  as  the  positive  current  collector.  FIG.  4  makes  a  similar 
comparison  to  secondary  cell  cycling  and  indicates  that 
either  material  would  also  be  satisfactor>'  in  this  respect. 
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This  invcadoa  has  been  described  herein  in  considerable 
detail  in  order  to  comply  with  the  Patent  Statutes  and  to 
provide  those  skilled  in  the  art  with  the  InxorTtiacion  needed 
to  apply  the  novel  principles  and  to  construct  and  use 
embodiments  of  the  example  as  required.  However,  it  is  to  5 
be  understood  that  the  invention  can  be  carried  out  by 
specihcaJIy  different  devices  and  that  various  modiffcations 
can  be  accomplished  without  departing  from  the  scope  of  the 
invention  itself. 

We  claim:  lo 

1.  A  method  of  preparing  a  cathode  tneorporaring  heat 
stabilized  charged  U^CoO;  as  the  cathode  aedve  material 
comprising  the  steps  of: 

(a;  preparing  the  cathode  active  noaterial  by: 

(1)  providing  a  layer  of  particulate  Li^Co02  on  a 
metallic  cuiicni  collector. 

(2)  subjecting  the  Li^CoO^  on  said  current  collector  to 
a  charging  current  voltage  to  plate  out  Li  and  pro 
duce  charged  Li^^CoO^  (0<x<I).  and 

(3)  separating  the  charged  particulate  material  from  ^0 
said  current  collector:  and 

(b)  incorporating  said  particulate  cathode  active  material 

in  the  cathode. 

Z  The  method  of  claim  I  wherein  (Oct  ^0.5)  after  charg-  ^ 
ing. 

3.  The  method  of  claim  I  wherein  the  charging  voltage  is 
from  about  4.2  to  about  4.3  volts. 

4-  The  method  of  claim  1  wherein  said  current  collector  is 
aluminum. 

5.  The  method  of  claim  I  wherein  said  charged  particulate  ^ 
material  is  combined  with  quantities  of  a  conductive  diluent 
material. 

6.  The  method  of  claim  5  wherein  said  dOueat  material  is 
a  form  of  carbon. 
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7.  The  method  of  claim  5  further  comprising  the  step  of 
combining  said  charged  particulate  material  with  a  binder. 

8.  The  method  of  claim  6  wherein  said  charged  particulate 
material  is  ruither  applied  to  a  stainless  steel  current  col¬ 
lector  material. 

9.  The  method  of  claim  7  wherein  said  charged  particulate 
material  is  nirther  applied  to  a  stainless  steel  current  col¬ 
lector  material. 

10.  A  method  of  preparing  a  cathode  containing  heat 
stabilized,  charged  Li^CoO^  (0<x<l)  as  the  active  material 
comprising  the  steps  of: 

(a)  preparing  the  active  maccriai  by: 

(1)  creating  a  layer  of  powdered  Li^CoO^  from  a 
solvent  slurry  thereof  on  a  metallic  collector  grid. 

(2)  sandwiching  the  coUeaor  grid  between  a  pair  of 
lithium  members  separated  by  seraipermeable  sepa¬ 
rator  membranes  to  form  a  three- piate  stack. 

(3)  confining  the  three-plate  suck  cell  in  a  gas-dght 
environment. 

(4)  providing  electro  lyre  to  the  dircc-place  stack: 

(5)  charging  the  ceil  using  externally  supplied  power 
until  an  amount  of  charge  corresponding  to  a  value 
of  X.  where  »3<x<l  is  achieved,  and 

(6)  separating  the  charged  particulare  material  from 
said  collector  grid:  and 

(b.J  combining  said  separated  charged  particulate  Li.CoO^ 

material  into  a  cathode  mix  for  application  to  a  current 

collector  for  use  in  a  nen-aqueous  electrochcmicai  celL 

11.  The  method  of  claim  10  wherein  the  gas-cigh:  envi¬ 
ronment  Ls  a  metallized  coated  polymer  envelope. 

12.  The  method  of  claim  10  wherein  the  metallic  collector 
grid  is  aluminum. 

13.  The  method  of  claim  10  where  x^O.5  after  charging. 
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Compilation  of  Hermetic  Cell  Test  Results 
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OrcJncmce 

Batteries 


Electrochemical  Variations  Give  IWo 
Dimensionally  Similar  Batteries  Vasthr 
Different  Capacities  ^ 


Electrochemical  flexibility  has  allowed 
PSC  to  produce  two  electrically  and 
physically  interchangeable  batteries  with 
very  different  capacities  for  the  U.S. 
Army's  FASCAM  (Family  of  Scatterable 
Mines)  project.Both  reserve  batteries  are 
small  and  low-rate,  and  they  offer  long 
life  relative  to  their  size. 

In  both  batteries,  electrolyte  is  held  in 
reserve  in  a  glass  ampul  until  a  mechan¬ 
ical,  electric^,  or  explosive  impulse  frac¬ 
tures  the  glass  to  release  the  electrol]de 
and  activate  the  battery.  This  system  gives 
an  ambient  shelf  life  of  more  tVian  20 
years,  yet  allows  rapid  rise  to  full  power 
and  fresh  cell  capacity. 


The  first  of  the  two,  the  G2666,  has 
been  in  high-volume  production  at 
Hone3rwell  since  1978.  It  offers  a  capacity 
of  100  mAh,  and  is  based  on  Li/VzOs 
electrochemistry.  Product  reliability  is 
greater  than  .9993  at  98  percent 
confidence. 

More  recently  designed  and  now  in 
pilot  production,  the  G2666B1  uses 
Li/SOCla  electrochemistry  to  produce  a 
capacity  of  280  mAh.  Together,  the  two 
batteries  prove  the  versatility  of  the 
variety  of  electrochemical  configurations 
available  from  PSC's  design  teams. 


Specifications 


'I  Performance 

Open  circuit  voltage: 
i  Voltage  under  load: 


I  Rated  capacity: 


Energy  density 
(at  rat^  load): 

Physical  Characteristics 
Diameter: 

Length: 

Weight: 

Volume: 

Positive  terminal- 
Case  material: 

SAFETY  FEATURES 

Reserve: 


Model  No.  G2666 
Chemistry  Li/VzOs 


3.4  volts 

3,3  volts  at  0,5  mA/plateau  #1 

3, 1  volts  at  0.5  mA/plateau  #2 
100  mAh  to  a  2.5  volt  cutoff 
at  0.5  mA  load  at  72°F 

2.06  Whr/in3,  0.122  Whr/cc 
27.5  Whr/lb,  0.061  Whr/g 

0.50  inches 
0.84  inches 
0.18  oz 
0.16  inches^ 

Glass-to-metal  seal  with  52 
alloy  pin 

316L  Stainless  Steel 


Model  No.  G2666B1 
Chemistry  Li/SOClz 

3.6  volts 

3.6  volts  with  65,000  ohm 
load 

280  mAh  to  a  2.5  volt  cutoff 
at  0.49  mA  load  at  72°F 

6. 13  Whr/in^,  0.37  Whr/cc 
89.1  Whr/lb,  0.20  Whr/g 

0.50  inches 
0.84  inches 
0.18  oz 
0.16  inches^ 

Glass-to*metal  seal  with  52 
alloy  pin 

316L  Stainless  Steel 


Electrol3rte  stored  in  glass  ampul.  Both  cells  inactive  during  storage. 
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Underwater  Mines/ 
Buoy  Batteries 


4000  Watt  Battery  Employs  Standard 
Technology 


The  Model  G3070A2  is  an  expendable, 
Mgh  power,  remotely  activated  multicell 
lithium  battery,  containing  two  electri¬ 
cally  isolated  voltage  sections.  The  low 
power  section  operates  continuously  at 
71  watts,  while  the  high  f)ower  section 
operates  at  4000  watts.  Testing  has 
demonstrated  the  battery  can  operate 
at  pulses  to  200  amps,  providing  pulse 
power  outputs  of  10,000  watts. 


Maintaining  the  battery's  reserve 
integrity  is  a  major  safety  feature.  Until 
it  is  electrically  initiated,  the  battery  will 
not  activate  during  handling,  shipping, 
or  storage.  For  test  pvuposes,  the  bat¬ 
tery  was  activated  and  allowed  to  stand 
on  open  circuit  for  90  days.  During  the 
test  there  were  no  safety  related  epi¬ 
sodes,  and  the  battery  retained  85%  of 
fresh  discharge  capacity.  In  the  event 
the  battery  is  subjected  to  an  abusive 
condition,  it  contains  a  series  of  venting 
mechanisms. 


PHYSICAL  CHARACTERISTICS 

Diameter:  11.5  inches 

Length:  . 17.0  inches 

Weight  140  pounds 

Activation  Method:  -  Electrically  initiated  Squib  assembly 
All  Rre  Current  —  5  amps,  10  msec  pulse 
No  Fire  Current  -  1  amp-1  watt  5  minutes  at  225°? 
Oper.  Temp.  Range:  -40‘’C  to  -h60°C 
Case  Material:  Stainless  Steel 
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Specifications 


Low  Power  Section  High  Power  Section 

Model  No.  G3070A2  Li/SOCla  Reserve/Series  .  Li/SC)Q2  Reserve/Series 

Battery  Connected  Multiplate  Cells  Connected  Multiplate  Cells 

Performance 

Number  of  Cells  3  cells  18  cells 

Open  Circuit  Voltage:  11.0  volts  66.0  volts 

(Activated) 

Voltage  under  load:  10.2  volts  7  amps  55.8  volts  72  amps 

‘  •  at20°C  at20°C 

Rated  Capacity:  57  Ahr  at  7  amps  to  65  Ahr  at  72  amps 

^  8.0  volts  at  20®C  to  47.3  volts  at  20°C 

Power:  71.4  watts  continuous  4018  watts,  pulses  to 

200  amps 

Safety  Features 

Reserve:  —  Electrolyte  stored  in  stainless  steel  reservoir 

—Battery  case  and  reservoir  vents 
— Temperature  monitoring  sensor 
‘  —Cell  and  cell  stack  voltage  monitoring  leads 
— Fully  shielded  actuator  firing  leads 


G3070A2  Cell  Capacity 
at  Various  Texnperatuxes 


E-5 


NSWCCD-TR-98/005 


I 

i 

4 


^rsioa%  Similar,  ffigh  Bower,  Reserve  Cells, 
Offer  Berfoimanoe  All^atives 


The  Low  and  High  Power  performance 
of  the  G3070A2  Reserve  Battery  sec¬ 
tions  (pages  4  and  5)  demonstrate  the 
wide  current  carrying  capabiKty  of  its 
cells. 

■Diese  two  physically  similar,  remotely 
activated  cells  are  tailored  for  low  rate 
(7  amps)  or  high  rate  (200  amp  pulses) 
erformance.  Differing  only  in  cell 
eight  and  capacity,  as  a  result  of  one 
less  set  of  electrodes,  the  two  cells  offer 
corresponding  rate  canying  ability. 

Specificcxtion3 


They  are  the  baseline  cells  for  the 
G3070A2  battery  and  allow  for  flexi¬ 
bility  in  battery  design  through  series/ 
parcel  configurations. 

As  presented  in  the  specifications, 
the  two  cells  have  the  same  inside  and 
outside  diameters.  However,  they  differ 
in  height  (0.06  inches),  which  results  in 
a  corresponding  decrease  in  rate  carry¬ 
ing  ability  of  the  low  rate  cell. 


Model  No.  G3070A2 

Low  Rate  Reserve  Cell 
Chemistry  Li/SOCl2 

Model  No.  G3070A2 
High  Rate  Reserve  Cell 
Chemisty  Li/SOQa 

Performance 

Open  Circuit  Voltage: 

Voltage  under  load: 

3.67  volts  (activated) 

3.40  volts  7  amps  at 

20°C 

57  Ahr  at  7  amps 
to  2.67  volts  at  20°C 

3.67  volts  (activated) 

3. 10  volts  72  amps  at 

Rated  Capacity; 

20°C 

65  Ahr  at  72  amps 
to  2.63  volts  at  20°C 

■  ^  Physical  Characteristics 

Max  Diameter:  OD 
i  Mcix  Diameter:  ID 
;  Max  Height: 

Cell  Weight  w/electrolyte: 

-  Case  Material: 

11.22  inches 

2.65  inches  j 

0.35  inches 

1310  grams 

2.89  lbs  ; 

Stainless  Steel  | 

11.22  inches 

2.65  inches 

0.41  inches 

1485  grams 

3.27  lbs 

Stainless  Steel 

!  G307QA2 

i  4  ^ 

Low  Rate  Cell  Discharge  Profile 

■j  3  - 

“  ■  - > 

: 

2  fiTV _ 
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1  2  : 

UJ  9  _ 
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1  - 
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Voltage  Qiaracteristics  of 
G3070A2  High  Rate  Cell  at 
Various  Temperatures 
cind  Powers 


0  100  200  300  400 

CONSTANT  POWER.  WATTS 


G3070A2  High  Rate  Cell  Discharge  Profile 
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